This paper explores the benefits of compensating transmitter gain and phase imbalances in the receiver for q " a t u r e communication systems. It is assumed that the gain and phase imbalances are introduced at the transmitter only. A simple nondata aided DSP algorithm is used at the receiver to compensate for the imbalances, Computer simulation has been performed to study a coherent QPSK communication system.
INTRODUCTION
Gain and phase imbalances in quadrature transmitters are known to degrade the overall communication link performance [I]-[3] . Transmitters with good balance in the in-phase and quadrature channels must rely on stringent specifications on components that are difficult to achieve as the frequency of operation increases to microwave or mm-wave region, especially in direct transmitter designs.
Several techniques have been proposed to estimate and compensate the quadrature modulator imperfections at the transmitter [4]- [7] . Many of these approaches imply the use of analog feedback loop around the quadrature modulator. This in itself is not an error free loop. In [E] the Gram-Schmidt orthogonalization procedure is proposed for correcting the transmitter errors at the receiver by using test signals. This paper explores the capability of a non-data aided adaptive DSP technique developed for quadrature receivers in [9] to compensate for the imbalances introduced at the transmitter. Indeed, the analysis carried out in [9] assumed an ideal transmitter where the imbalances were introduced only at the receiver. In this study, we assume that the gain and phase imbalances are introduced at the transmitter only and examine the effects of compensating them in the receiver.
The paper is organized as follows: Section 2 defines the model of the gain and phase imbalances in the transmitter. Section 3 describes how the transmitter gain and phase imbalances are compensated at the receiver, while simulation results and concluding remarks are given in Sections 4 and 5 respectively.
MODELLING THE TRANSMITTER GAIN AND PHASE IMBALANCES
Ideally, the in-phase (I) and quadrature (Q) channels of a quadrature communication system are orthogonal to each' other. However, due to implementation imperfections, there always exist gain and phase imbalances that destroy the orthogonality between these two channels and degrade the performance of the communication system
The gain and phase modelling is a complex issue. To facilitate analysis, we use the quadrature transmitter model in Figure 1 and assume that phase and gain errors are differentially distributed between the I and Q channels. 
where udt) and udt) are the baseband in-phase and quadrature components, each having unity power, 2n/& is the carrier frequency. The complex envelope, u(t) of the RF signal s(t) can be expressed as a I-by-2 column vector containing the baseband in-phase and quadrature components. Hence the u(t) can be represented as:
where a(t) is the envelope, and ( ( t o is the phase. In the presence ofphase and gain mismatches equation (1) 
where ' p. is the phase and a . is the gain error. Equation (3) can be expressed as
sin(2ncmt) [u,(r) 
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where g,=(1+0.5aS) and g2=(I-0.5a,). To gain more insight into the effects of analog modulator mismatches, suppose the RF signal s(t) is QPSK modulated. Figure 2 shows the effect of these mismatches on the signal constellation. The effect of phase and gain mismatches can also be seen by examining the QPSK signals in the time domain as shown in Figure 3 . The gain error simply appears as a non-unity scale factor in the amplitude. The phase imbalance, on the other hand, compts each channel by a fraction of the data pulses in the other channel, in essence degrading the signal-to-noise ratio. where gl=(1+0.5a.) and g2=(l-0.5a,). From equation (7) the corresponding amplitudes of the desired and spurious signals are (g,e'* -g,e-'F) and (g,e-'Y +g,e'*) respectively. Let A,, denote the amplitude of the desired signal and&, the amplitude of the spurious signal. The ratio between them is the sideband suppression. As a function of phase and gain errors the sideband suppression can be expressed in decibels as: 
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BLIND TRANSMITTER GAIN AND PHASE IMBALANCE CORRECTION
The received and quadrature downconverted baseband signal r(r) at the receiver can be expressed as:
where s(t) is the erroneously generated transmitted signal and performance of the quadrature receiver is shown in Figure 5 .
-Ida1 The simplified model for the proposed adaptive source separation approach is depicted in Figure 6 . where M&) determines the crosstalk from the uQ(t) to rt(t) and M,@) determines the crosstalk from the U,@) to rQ(t) channels.
Both Mxz) and M&) depend on the amount of the transmitter phase and gain errors. The proposed feed-forward blind decorrelator along with the assumed phase and gain mismatch model is shown in Figure 7 . In the proposed approach, 
From (13) and (14), it is clear that the choice of the following solution:
yields:
I V -I l l where, a = 1 -M , (z)MQ (2). Hence, Wkz) models M , z ) and W, &) models Mdz). These estimates are then subtracted eliminating the crosstalk between the two channels. In doing so the two channels are de-correlated.
SIMULATION RESULTS
To verify the analysis for the transmitter gain and phase imbalances and to study the effect of compensating the transmitter gain and phase imbalance at the receiver, a coherent QPSK system has been simulated. To focus on the effects of the gain and phase imbalance compensation, we assume that the carrier and the symbol timing are perfectly synchronized. We consider two cases; one with phase m o r of 15' and gain error of 5 dB and the other case with phase error of 30" and gain error of 5 dB. The channel is assumed to be a AWGN channel with variance of 0.01. Constellation and eye diagrams for the first case are shown in Figures 8 and 9 . As it can be seen from Figures 8@) and 9(b), the transmitter phase and gain errors have distorted the constellation and eye diagrams. As is clear from Figure 8@ ) the effect of the phase and gain error is to rotate and scale the projection of the received signal in the signal space getting closer to the edge of its decision region. As a result, it takes less noise power to perturb the projection and move it into the wrong decision region. The result is a higher probability of bit error rate than would othenvise be expected. They eye diagram of Figure   9@ ) is almost completely closed due to the phase and gain errors.
It 1s very difiiculi to make a sensible decision about th; data sent
Figures 8(c) and 9(c) depict the output of our adaptive algonthm.
The constellation diagram of Figure 8@ ) is de-rotated back almost matching the ideal (a). The eye diagram of Figure 9 (c) opened the erroneous case (b) substantially almost matching the ideal (a). 
CONCLUDING REMARKS
This paper studied the potential advantages of compensating msmitter gain and phase imbalances in the receiver for quadrature communication systems. A gain and phase model has been defined to facilitate the study. A simple blind LMS-based adaptive algorithm using two, 2-tap adaptive FIR filters are employed at the receiver to compensate the transmitter gain and phase imbalances. Computer simulations have been canied out to understand and demonstrate the performance of the adaptive compensation scheme.
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